Biochemical and ultrastructural characterisation of olfactory receptor membranes of rat and pig, using a novel method of cilium separation.
There is currently much interest in the mechanisms of olfactory transduction [1,21, and various laboratories have begun to clarify the nature of the molecules responsible for odorant reception and initiation of electrical changes in olfactory receptor cells [3-71. Isolation of proteins engaged in these activities depends on separation of olfactory cilia carrying the receptor membranes, usually by the calcium shock method [4, 5] . In amphibians this has been reported to produce a high yield of olfactory membranes, although the axonemal structures within the cilia disintegrate [ 4 ] , but in mammals the resulting fraction contains contaminant debris from other cells of the olfactory epithelium. In the study reported here, we have used the adhesive properties of charged cellulose and other similar filter membranes to prepare highly concentrated olfactory cilium fractions from mammalian epithelia, and have characterized these preparations ultrastructurally and biochemically.
Pieces of Regenerated Cellulose (Sartorius. GmbH, Gottingen) and 'Zeta Probe' (Biorad, U.K.) filter membranes were pressed gently on to the exposed surfaces of olfactory and respiratory mucosae of freshly killed rat and pig, then stripped away. Filters were washed briefly in culture medium (Minimal Essential Medium, Gibco, UK) buffered at pH 7.2 with HEPES to remove debris, then processed for electron microscopy or biochemical analysis.
For the analysis of proteins, filter-bound material and mucosae remaining after stripping were solubilized in 10% SDS and the proteins separated electrophoretically on polyacrylamide gels (10% o r 5 -15% gradient), then Western blotted; transferred proteins were visualised with peroxidase -conjugated second antibodies.
Lectin binding was detected with biotinylated Concanavalin A, followed by peroxidasestreptavidin visualisation. Antibodies included anti-a-tubulin, and anti-protein gene product (PGP) 9.5 which detects cell components of neural origin [a] . Some specimens were extracted with 3% CHAPS, then the extract was passed through a Con A-sepharose bead column; Con A-binding material was eluted with 0.25 M a-methyl mannoside and high salt ( 1 M NaCl), then analysed by SDS-PAGE and Western blotting. F o r comparison. samples of olfactory and respiratory mucosae were subjected to the calcium shock method 14.51 and analysed similarly. separated on the filters contained a high concentrat ion of identifiable olfactory cilia, often still attached to dendritic endings, with relativrly little cellular debris (Fig.1) . Supporting cell microvilli were also present, but i n relatively :imdll numbers. In comparison. the calcium shock cilium fractions contained large amounts of mcmbranous material including many mitorhondria, lysosomes and other cellular debris. No cilia could be identified.
SDS-PAGE preparations of filter-stripped olfactory materidl, stained with Coomassie blue Electron microscopy showed that the material Fig. 1 . Electron micrograph of material stripped from the surface of the olfactory epithelium with regenerated acetate, showing numerous cilia, some attached to dendritic knobs. showed a number of bands not shared with respiratory epithelium samples. In Con Atreated Western blots, there was a strong band at about 55 kDa in the rat olfactory tissue not present or only faintly so in respiratory tissue, as well as numerous positive bands common for both respiratory and olfactory preparations.
Con A column eluates in the pig demonstrated strong Con A-binding bands at 200 kDa and at 55 -60 kDa. Western blots of filter-stripped tissue showed that the olfactory material adhering to the filter membranes was strongly positive for a-tubulin and PGP 9.5, agreeing with the presence of cilia of neural origin.
These results demonstrate that the filterstrip method presents a rapid and effective way of separating intact olfactory cilia in mammals, in sufficient amounts for protein analysis and other studies of olfactory transduction.
